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Reactions with Grignard Reagents 
requires careful attention to details. 


§ bes formation of compounds through 
the union of metallic magnesium 
with organic halides, and the interesting 
reactions of these products, were brought 
to the attention of chemists by Grignard, 
in 1900. The value of these reagents in 
synthetic chemistry was recognized im- 
mediately, and an immense amount of 
work has been done since then in study- 
ing the almost unlimited variety of re- 
actions. Many of the published results 
on Grignard studies in this country have 
come from the laboratories of Dr. Moses 
Gomberg at the University of Michigan 
and Dr. Henry Gilman at the Iowa 
State College. 


A simple, but typical, Grignard re- 
agent is methyl magnesium iodide, which 
is prepared by adding a solution of 
methyl iodide in anhydrous ether, to 
bright magnesium turnings in ether: 


CH;I + Mg —>CH3.Mg.I 


Since many of the aliphatic and aromatic 
halides may be used in place of methyl 
iodide, the type formula is usually written 
R.Mg.X; the R denoting the organic 
radical and the X, the halogen. Some 
examples of the higher members include: 
tertiaryamylmagnesium chloride, benzo- 
hydrylmagnesium chloride, triphenyl- 
methylmagnesium chloride, and allyl- 
magnesium bromide. 


The technic of preparing Grignard re- 
agents is not difficult to master, but 


Different types of compounds may need 
different conditions. Usually, the weighed 
magnesium turnings are placed in a flask 
equipped with a stirrer, reflux condenser, 
and a separatory funnel. An activating 
agent, such as Mg-Cu alloy or a crystal 
of iodine, may be added, and the metal 
covered with ether that has been dried 
very carefully. A molecular equivalent 
of the organic halide is dissolved in 
dry ether and added slowly through the 
separatory funnel at such a rate that 
the liquid boils continuously from the 
heat of the reaction. Refluxing on the 
steam-bath may be continued for a time 
after the addition of the RX compound. 
Subsequent reactions with the Grignard 
reagent that is formed usually can be 
carried out in the same flask, distilling 
off the ether, if necessary. 


The reagents themselves react readily 
with water, forming a hydrocarbon and 
basic magnesium halide, such as: 


CH;.Mg.I +HOH—> I.Mg.0OH+CH, 


This procedure is one of the best meth- 
ods for preparing hydrocarbons syn- 
thetically, since the constitution of the 
resulting product is known definitely. 
Unsaturated hydrocarbons may _ be 
formed through the reaction of the 
Grignard reagent with aliphatic halides 
instead of with water, hexene-1 resulting 
from n-propyl bromide and n-propyl- 
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Synthetic Organic Chemicals 
magnesium bromide. Tees 
Both saturated" ‘anc ete 
unsaturated hydroeéar- 
bons may be prepare. 3 ,, 
by the action of covner 
chloride on the Grig- 
nard reagent. 
Aldehydes and ke- 
tones with Grignard 
reagents form addi- 
tion compounds which, 
in turn, are decom- 
posed by water or di- 
lute acids, forming al- 
cohols. Most aldehydes 
yield secondary alco- 
hols, while the ketones 
give tertiary alcohols. 
In forming the addition 
products, the alkyl 
group of the reagent is 
detached from themag- 
nesium; it then unites 
with the carbon atom 
of the carbonyl group. 
This transfer is illus- 
trated by the reaction 
between acetaldehyde 
and methylmagnesium 





10dide: 
H H 
CH3;CO+CH3;.Mg.I —> CH:;2CO. Mg. 


CH; 

Typical alcohols prepared in this manner 
are benzohydryl alcohol and butene-1- 
ol-3. Other secondary alcohols are ob- 
tained by the action of various Grignard 
reagents on epichlorhydrin and propyl- 
ene oxide. When ethylene oxide is used, 
primary alcohols result. 

Acids are formed through the action 
of carbon dioxide on ethereal solutions 
of various R.Mg.X compounds, vielding 
addition products which are easily hy- 
drolyzed. The reaction is indicated by 
the equation: 

R.Mg.X +CO2.—> R.COO. Mg 


On treatment with dilute acid, the radi- 








Apparatus used for Grignard reactions 


cal MgX is replaced by 
hydrogen, as in the 
cases cited previously. 
Valericacid, trimethyl- 
if aceticacid,anda-naph- 
& thoic acid are typical 
of the many acids that 
can be prepared by 
this general technic. 
Ketonescan be made 
in several different 
ways, starting with 
Grignard reagents. 
These organo-magne- 
sium compounds react 
with nitriles, phenyl 
propyl ketone being 
formed from phenyl- 
magnesium bromide 
and butyronitrile. Pyr- 
rolemagnesium halides, 
with acid chlorides and 
esters, give a series of 
interesting pyrrole ke- 
tones. Similar synthe- 
ses, also, can be carried 
out with skatole, 1n- 
dole, and carbazole. 
We have found the 
Grignard reaction very satisfactory for 
many of our preparations including the 
following chemicals recently listed: 
Cyclohexane Carboxylic Acid 
n-Hexy! Alcohol 
n-Nonyl Alcohol 
Phenylmethylearbinol 
Trimethylacetic Acid 
Tripheny! Bismuthine 
Quantitative estimation of the Grig- 
nard reagent can be made by allowing a 
measured amount to react with water, 
and titrating with acid the basic mag- 
nesium halide formed. These R.Mg.X 
compounds also give a color test with 
Michler’s ketone, making it possible to 
follow the reaction of a Grignard com- 
pound with other materials, by with- 
drawing samples and noting the de- 
creased depth of color. 
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A Convenient Stirrer for Taking 


M elting Points 


si E stirring apparatus shown on this 
page is simple to construct and can 
be easily operated by attaching to a 
compressed air line. It takes up very 
little room as the “‘motor’’ is self-con- 
tained. The speed is easily controlled by 
regulating the valve on the air supply. 
This is in marked contrast to the bulky 
rheostats sometimes needed to control 
motor speeds. 

As can be seen from the diagram, the 
stirrer consists of only two glass parts. 
The center tube, in the form of a T, has 
two holes near the middle to provide for 
entrance of compressed air from the 
outer jacket. The tips of the T are 
drawn to a small opening and bent 
slightly in opposite directions so that as 
the air leaves them, 
a rotating motion 
is produced. 

A shoulder near 





the top keeps the 
inner tube in place. 
If desired, a small 
piece of copper wire, 
bent in the form of 
a circle, may be used 
as a bearing at this 
point. The ends of 
the jacket should be 
ground fairly closely 
to the tube but do 
not have to be air- 
tight, as a_ little 
grease will prevent 
excessive air leak- 
age. After assem- 
bling, the lower end 
of the tube is flat- 
tened and twisted to 
an angle that will 
give a good stirring 


action to the liquid. Lb 








Heating the liquid bath 1n an open 
beaker, with adequate stirring, seems to 
be preferable to using the triangular 
tube so often recommended for melting 
point determinations. With the latter 
apparatus, eddy currents apparently in- 
terfere with the uniformity of the 
temperature at the 


thermometer bulb. —_ a a 
| | 
| 








Sulfuric acid isused 

for temperaturesup ! 
to150°C.Abovethis ——— 
range, high-boiling 
paraffin oil is quite 
satisfactory, al- 
though it is too vis- {4 
cous at lower tem- 


peratures. / \ 
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ABOVE—Re production of 

a sketch showing details of 

the construction of the sttr- 
rer described in the text. 


Ler1t—Re production of 

photograph of the melting 

point set-up in which this 
new type stirrer is used. 
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Eastman Organic Chemicals 
as Analytical Reagents 


XXIII Reagents for Tungsten. 


BENZIDINE 
Knorre, Ber. 38, 783 (1905) 


The tungsten compound is fused with 
sodium carbonate and the melt dis- 
solved in water. After acidifying with 
hydrochloric and sulfuric acids, benzi- 
dine tungstate is precipitated by adding 
a solution which contains 20 grams of 
benzidine and 25 cc. of concentrated 
hydrochloric acid per liter. The precipi- 
tate is washed with a dilute solution of 
the reagent, then ignited and weighed 
as tungsten trioxide. Iron in the ferrous 
form does not interfere. 


CINCHONINE 


Hillebrand and Lundell, Appiiep 
Inorganic ANaAtysis p. 553 (1929) 


In the usual gravimetric method for 
determining tungsten by digestion with 
hydrochloric and nitric acids, other ele- 
ments, such as phosphorus, molybde- 
num, and arsenic, interfere in obtaining 
a pure tungstic acid for ignition. The 
separation is markedly improved by 
finally precipitating with a hydrochloric 
acid solution of cinchonine, which forms 
an insoluble tungsten compound. 


PHENYLHYDRAZINE HyDROCHLORIDE 


Dotreppe, Buti. Soc. Cuim. BELG. 
38, 385 (1929) 


The tungstate solution should contain 
the equivalent of about 0.2 gram of 
tungsten trioxide in 50 cc. of solution. 
After two grams of potassium chloride 
are added to 50 cc. of the solution, it is 
mixed with an equal volume of 8 N hy- 
drochloric acid containing one gram of 
phenylhydrazine hydrochloride. The 
green precipitate is digested for 45 min- 
utes on the water bath, then filtered, 
washed, and ignited to the oxide. 





Uric Acip 

Frabot, Ann. Cuim. ANAL. 9, 371 
(1904) 

The blue color formed by the reaction 
between uric acid and tungstic acid may 
be used as a test for either. The tungstic 
acid, which must be free from molyb- 
denum, is treated with a small amount 
of uric acid followed by a few drops of 
sodium hydroxide solution, producing 
the blue color. 


T 
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‘Twenty-five New 
Eastman Organic Chemicals 


The following chemicals have been 
added recently to our list. Purity speci- 
fications and prices of these compounds 
will be found in the new List No. 23, 
published in January, 1932. 


Allyl Cyanide 
p-Aminodibutylaniline Hydrochloride 
Barium Diphenylaminesulfonate 
p-Bromoiodobenzene 

n-Butyl o-Benzoylbenzoate 
Catechol Diethyl Ether 
Cellobiose 

p-Chloroiodobenzene 
2.4-Dimethylpentanol-3 
Dipheny] o-Sulfobenzoate 

Ethyl o-Benzovylbenzoate 
p-Fluoroaniline 

p-Fluoroanisole 

Guanidine Acetate 

Guanidine Sulfate 

Methyl] o-Benzoylbenzoate 
Naphthalic Acid 

Naphthalimide 

Palmitamide 

Piperazine Hydrate 

n-Propy! o-Benzoylbenzoate 
n-Propy! Lactate 

meso-Tartaric Acid 

Trimesic Acid 

Ultra-Violet Sensitizing Solution 
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